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Abstract 
Corn (Zea mays L.) stover has been identified as a major feedstock for cellulosic bioenergy. This report 
summarizes grain and stover yield as well as N, P, and K removal at several Sun Grant Regional 
Partnership (SGRP) sites. National Agricultural Statistical Service (NASS) grain yields were used to 
assess the relevancy of plot-scale yields with county averages. Seasonal variation in weather patterns 
caused yields to differ substantially among sites and years. Nutrient removal estimates were significantly 
influenced by the sampling method (i.e. analysis of hand samples between physiologic maturity and grain 
harvest versus stover collected during the harvest operation). Based on ancillary studies that indicate corn 
stover should not be harvested if average grain yields are less than 175 bu ac-1 (11 Mg ha-1), these studies 
show that non-irrigated SGRP sites with the highest potential for sustainable corn stover harvest were 
located between -91º and -93º west longitude. The more eastern (-78º w longitude) and western (-96º w 
longitude) sites did not have sufficient yield for sustainable routine stover harvest, although with good 
management, corn could still be part of an overall landscape approach for sustainable feedstock 
production in those areas. For producers with consistently high yields (i.e. > 200 bu ac-1) and where 
residue management may actually be a major problem (e.g. in irrigated areas), moderate stover harvest 
may actually decrease fuel use and save additional energy by reducing the amount of tillage needed to 
prepare subsequent seedbeds. Less intensive tillage could also preserve rhizosphere carbon and/or soil 
structure benefits often attributed to no-till systems. 
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 Introduction 
The U.S. EPA has identified corn (Zea mays L.) stover, the aboveground material left in fields after grain 
harvest, as “the most economical agricultural feedstock … to meet the 16 billion gallon cellulosic biofuel 
requirement” (Schroeder, 2011). They estimated that 7.8 billion gallons of ethanol would come from 82 
million tons of corn stover by 2022, which is consistent with conclusions reached by the U.S. Department 
of Energy (2011). A major reason stover was identified as an important feedstock is because of the vast 
area upon which corn is grown in the Midwestern U.S.A. 
 
Harvesting corn stover was envisioned as a “win-win” management practice because as a perceived, 
underutilized resource (Nelson et al., 2002; Perlack et al., 2005; BRDB, 2008) it could provide cellulosic 
feedstock for bioenergy production and reduce the cost encountered by producers (Duffy, 2012) for 
residue management ($20 to $30 ac-1 or $45 to $65 ha-1). However, corn stover provides many ecosystem 
services (Johnson et al., 2010; Wilhelm et al., 2007; 2010) and its harvest will increase annual nutrient 
removal (Karlen et al., 2011a, 2011b), so care must be taken to identify the locations and quantity of 
stover that can be harvested in a sustainable manner. The objective for this report is to summarize grain 
and stover yield as well as N, P, and K removal at several SGRP sites. 
 
Materials and Methods 
A regional research partnership among the North Central Sun Grant Association, the ARS Renewable 
Energy Assessment Project (REAP) team, and the Idaho National Laboratory (INL) was initiated in 2008 
to quantify the quantity of corn stover produced and effects of moderate- or high-rates of harvest. A core 
experiment consisting of no-tillage (or the least amount of tillage necessary to establish a corn crop), three 
rates of stover harvest (none, moderate, and high), and four replications was agreed upon for each of the 
SGRP sites. On-going, long-term ARS and/or university field trials assessing effects of crop residue 
harvest were leveraged when feasible to build a more robust dataset. 
 
Results and Discussion 
This report focuses on crop yields and nutrient removal from field studies at the SGRP sites. Soil organic 
carbon, GHG, economic assessments, soil quality, stover composition, and energy content assessments 
from these SGRP sites are addressed elsewhere in this Proceedings document. Table 1 lists the location 
and provides basic soil, climate, and management information for the various sites. Table 2 shows that 
with the exception of sites 5, 9, 13, and 14, crop yields at these SGRP locations were at or above the 
NASS county averages for those locations. Site 5 was a long-term no-tillage site in MN where K 
deficiency has been documented as a limiting factor. Except for one year, sites 9 in NE and 13 and 14 in 
SD were generally limited by inadequate rainfall. Sites 5, 6, (MN) and 12 (PA) showed a slight yield 
decrease where the maximum amount of stover was removed, but short-term effects at other locations 
were either negligible or even positive (presumably due to less N immobilization and slightly warmer 
early-season soil temperatures). Overall, sites located between -91º and -93º west longitude showed the 












 Table 1. Location, primary tillage (multiple “sites” if more than one), cropping system, elevation, mean 
annual precipitation, mean annual temperature, soil type, and duration of regional partnership field studies 
summarized for this report. 
 
Site State County Tillage† / Crop‡ Elev. Lat Long MAP MAT Soil type§ Age 
     m oN -oW cm oC  yr 
1/2 IA Boone CP & NT / MM 340 42 94 92 10 SiCL, L 4 
3/4 IL Warren CP & NT / MM 229 41 91 100 11 SiL 4 
5 MN Stevens NT/95 / MS 350 45 96 65 5.8 CL, L 17 
6 MN Stevens NT/05 / MS 350 45 96 65 5.8 CL, L 7 
7/8 MN Rice MbP & ST / MM 290 44 93 71 6.1 SiC, SiL, 4 
9 NE Saunders NT/NI¶ / MM 1166 41 96 74 9.8 SiCL, SiL 14 
10 NE Saunders NT/Irr¶ / MM 1166 41 96 74 9.8 SiCL, SiL 11 
11/12 PA Centre NT / MM/MS 352 41 78 97 9.7 SiCL, SiL 4 
13 SD Brookings NT / MS 490 44 96 58 6.1 SiCL 8 
14 SD Brookings NT / MS+CC 490 44 96 58 6.1 SiCL 8 
15 SC Darlington NT/IRSS / MM 140 34 79 130 17 LS 4 
† Tillage – CP = chisel plow; NT – no-tillage; ST – strip tillage; MbP – moldboard plow; IRSS – in-row subsoiling 
(done beneath each row at planting) 
‡ Crop -- MM – continuous maize; MS – maize/soybean; CC – cover crop; 
¶ Water management (NE location only) -- NI – non-irrigated; Irr – irrigated 
§ Soil type – L = loam; CL = clay loam; SiC = silty clay; SiL = silt loam;  SiCl = silty clay loam; LS = loamy sand 
 
Table 2. Four-year NASS and measured corn grain yields for various stover harvest strategies at fifteen 
regional partnership sites. 
 
Site NASS Yields† No Stover Removal Partial Stover Removal High Stover Removal 
 Range Mean Range Mean Range Mean Range Mean 
 ---------- bu acre-1 at 15.5% moisture content ---------- 
1 166 –182 174 142--202 171 166--208 188 171--220 188 
2 166 --182 174 135--187 168 161--200 183 175--222 195 
3 153 --207 183 148 --268 218 152 -- 72 212 150 --262 215 
4 153 --207 183 90 -- 254 177 127 --257 200 126 -- 262 205 
5 140 --180 159 119 -- 193 143 111 – 193 146 82 -- 192 137 
6 140 --180 159 127 -- 204 164 119 – 198 160 131 – 189 157 
7 160 --191 177 178 --203 199 180 --203 198 178 -- 211 199 
8 160 --191 177 191 –198 199 180 --201 198 178 -- 203 196 
9 136 --167 149 45 --162 96 -- -- 37 – 185 109 
10 179 --214 193 147 --275 190 115 --329 209 135 – 302 209 
11 93 -- 136 121 44 --217 147 69 -- 219 153 47 -- 217 147 
12 93 -- 136 121 64 -- 215 152 88 -- 219 152 57 -- 211 143 
13 141 --159 154 84 -- 181 123 96 -- 192 126 92 -- 187 125 
14 141 --159 154 73 -- 181 119 97 -- 193 126 87 -- 187 123 
15 47 -- 121 77 21 -- 181 83 9 -- 156 81 13 --159 84 
† NASS averages across all management practices except irrigated vs non-irrigated for 2008 -- 2010 
 
Table 3 shows the measured or estimated (sites 3 and 4) quantities of stover harvested at the various sites. 
Estimates were made for sites 3 and 4 because that location was added three years after the SGRP study 
was initiated and actual residue weights were not collected. Full removal at sites 3 and 4 was 
accomplished by chopping stalks and raking them off the plots. This technique left a considerable amount 
of fine material, which was estimated to be less than 10% of the residue dry weight. Partial removal 
(estimated at 50 to 60%) was done by raking without chopping stalks. Actual quantities of stover 
harvested at all other sites using a variety of collection strategies were measured and found to be much 
lower than the estimated quantities. Based on other studies (e.g. Karlen et al., 2012), the harvest strategy 
used at sites 3 and 4 was probably much more aggressive than the other mechanical operations. Seasonal 
 and location differences were quite large reflecting different growing conditions and in some years 
lodging caused by severe wind storms. Overall, stover harvest averaged 1.6 and 3.0 tons acre-1 (3.6 and 
6.7 Mg ha-1) for the moderate and maximum harvest treatments, respectively. 
 
Table 4 shows N, P, and K removals associated with the moderate- and high-removal treatments. Values 
for sites 1 and 2 were measurements made on stover samples collected after single-pass harvesting with a 
commercial scale combine (Karlen et al., 2011a), while those from other sites were based on hand 
samples collected between physiological maturity and combine harvest. Nutrient removal estimates based 
on the hand samples were much higher for the hand samples reflecting the nutrient translocation from the 
stalks that occurs after the crop matures. This emphasizes the importance of documenting the time of 
sampling when estimating nutrient removal as part of the subsequent year’s soil fertility/fertilizer 
program.    
 
Table 3. Stover harvest rates for moderate- and high-removal treatments at fifteen regional partnership sites. 
 
Site Moderate Harvest Maximum Harvest 
 2008 2009 2010 2011 2008 2009 2010 2011 
 tons acre-1 at 0% moisture content 
1 2.4 1.9 1.2 1.7 2.8 3.3 1.9 3.2 
2 -- 2.1 0.8 1.5 -- 3.6 2.3 2.8 
3† 3.0 2.5 2.5 2.0 5.4 4.7 4.5 3.8 
4† 2.9 2.5 2.4 1.8 5.2 4.6 4.3 3.4 
5 1.9 2.1 0.8 2.0 1.6 2.6 2.7 2.8 
6 2.0 2.6 2.5 1.7 2.2 3.0 3.0 3.2 
7 -- 1.7 1.8 1.7 -- 3.6 3.5 3.4 
8 -- 1.6 1.8 1.8 -- 3.5 3.5 3.5 
9 -- -- -- -- 1.8 2.0 1.2 4.5 
10 0.8 1.7 2.1 4.5 1.5 3.4 4.0 8.7 
11 1.3 1.5 1.3 0.8 2.7 3.7 2.8 1.8 
12 1.3 1.5 1.3 0.7 2.8 3.5 2.5 1.7 
13‡ 1.6 3.0 0.4 0.9 1.8 2.7 0.8 2.5 
14‡ 1.3 3.0 0.4 1.0 2.1 2.8 0.9 1.8 
15 1.2 1.8 1.5 1.1 2.1 3.7 2.9 2.2 
† Harvested amounts estimated based on a harvest index of 0.5 and either 50% or 90% removal rates 
‡ Maximum stover harvest was calculated by subtracting grain yield from moderate harvest from weights obtained 
when the entire plant was harvested using a commercial silage chopper. 
 
Table 4.  Average N, P, and K removal rates (lb/acre) associated with moderate- and high-removal treatments 
at eleven regional partnership sites. 
 
Site Moderate Harvest Maximum Harvest 
 N P K N P K 
 ---------- lb acre-1 ---------- 
1 17.6 2.5 29.7 28.5 3.5 45.3 
2 15.4 1.4 28.0 27.0 2.8 52.9 
5 22.6 4.9 37.3 60.1 11.2 85.1 
6 23.9 4.2 46.3 56.4 10.0 119.2 
7 21.4 2.3 41.5 44.7 10.9 84.2 
8 21.8 2.5 39.6 44.6 4.4 75.3 
9 -- -- -- 38.6 4.4 56.9 
10 45.8 6.3 65.7 82.3 11.2 113.4 
11 20.7 2.2 31.7 44.7 4.7 68.8 
12 21.3 2.4 31.0 44.1 4.8 61.5 
15 24.7 3.2 31.4 48.5 5.3 61.5 
 Summary and Conclusions 
This report documents grain and stover yield for several SGRP field research sites as well as estimates of 
nutrient removal. The most favorable area for sustainable stover harvest appears to lie between -91º and -
93º west longitude. Hand samples and harvest index calculations appear to overestimate stover quantities 
and nutrient removal.  
 
Acknowledgment  
USDA-Agricultural Research Service as part of the USDA-ARS-REAP project. Additional funding was 
provided by the North Central Regional Sun Grant Center at South Dakota State University through a 




Biomass Research and Development Board (BRDB). 2008. Increasing Feedstock Production for Biofuels: 
Economic drivers, environmental implications and the role of research.  http://www.ascension-
publishing.com/BIZ/HD4-Brdi.pdf (accessed 31 August, 2012). 
 
Duffy, M. D. 2012. Estimated costs of crop production in Iowa – 2012. FM-1712 (Revised January 2012) 
Iowa State University Extension and Outreach, Ames, IA. Available on-line at: 
https://store.extension.iastate.edu/ItemDetail.aspx?ProductID=1793 (accessed 31 August, 2012). 
 
Johnson, Jane M. F., Sharon K. Papiernik, Maysoon M. Mikha, Kurt A. Spokas, Mark D. Tomer, and 
Sharon L. Weyers. 2010. Soil Processes and Residue Harvest Management. p. 1-44. In: Carbon 
Management, Fuels, and Soil Quality, R Lal and B.A. Stewart (eds.), Taylor and Francis, LLC, 
New York, NY. 
 
Karlen, D. L., S. J. Birrell, and J. R. Hess. 2011a. A Five-Year Assessment of Corn Stover Harvest in 
Central Iowa, USA. Soil Tillage Research 115–116:47–55. 
 
Karlen, D. L., G. E. Varvel, J. M. F. Johnson, J. M. Baker, S. L. Osborne, J. M. Novak, P. R. Adler, G. 
W. Roth, and S. J. Birrell. 2011b. Monitoring Soil Quality to Assess the Sustainability of 
Harvesting Corn Stover. Agron. J. 103:288–295. 
 
Karlen, D. L., S. J. Birrell, and A. R. Wirt. Corn Stover Harvest Strategy Effects on Grain Yield and Soil 
Quality Indicators. Agrociencia. (in press) (accepted 8-7-12). 
 
Nelson, R. G. 2002. Resource assessment and removal analysis for corn stover and wheat straw in the 
Eastern and Midwestern United States—rainfall and wind-induced soil erosion methodology. 
Biomass and Bioenergy. 22:349-363. 
 
Perlack, R. D., L. L. Wright, A. F. Turhollow, R. L. Graham, B. J. Stokes, and D. C. Erbach. 2005. 
Biomass as feedstock for a bioenergy and bioproducts industry: The technical feasibility of a 
billion-ton annual supply. DOE/GO-102005-2135 and ORNL/TM-2005/66. Available at:  
http://feedstockreview.ornl.gov/pdf/billion_ton_vision.pdf _(accessed 31 August, 2012). 
 
Schroeder, J. 2011. Finding fuel in agricultural waste. Domestic Fuel. Available online at: 
http://domesticfuel.com/2011/01/27/finding-fuel-in-agricultural-waste/ (accessed 31 August, 
2012). 
 
 U.S. Department of Energy. 2011. U.S. Billion-ton update: Biomass supply for a bioenergy and 
bioproducts industry. R. D. Perlack and B. J. Stokes (Leads), ORNL/TM-2011/224. Oak Ridge 
National Laboratory, Oak Ridge, TN. 227p. 
 
 Wilhelm, Wally W., J. Richard Hess, Douglas L. Karlen, Jane M. F. Johnson, David J. Muth, John M. 
Baker, Hero T. Gollany, Jeff M. Novak, Diane E. Stott, and Gary E. Varvel. 2010. Review: 
Balancing Limiting Factors and Economic Drivers for Sustainable Midwestern Us Agricultural 
Residue Feedstock Supplies. Industrial Biotechnology 6:271-287. 
 
Wilhelm, Wally W., Jane M. F. Johnson, Douglas L. Karlen, and David T. Lightle. 2007. Corn Stover to 
Sustain Soil Organic Carbon Further Constrains Biomass Supply. Agronomy Journal 99:1665-
1667. 
 
 
